The form factors relevant to B q → D * q (J P = 1 − )ℓν (q = s, d, u) decays are calculated in the framework of the three point QCD sum rules approach. The heavy quark effective theory prediction of the form factors as well as 1/m b corrections to those form factors are obtained. A comparison of the results for the ratio of form factors at zero recoil limit and other values of q 2 with the predictions of the subleading Isgur-Wise form factor application for B → D * ℓν is presented. The total decay width and branching ratio for these decays are also evaluated using the q 2 dependencies of these form factors. The results are in good agreement with the constituent quark meson model and existing experimental data. The q = s case can also be detected at LHC in the near future.
Introduction
function is calculated in hadrons and quark-gluon languages. The physical quantities are determined by matching these two representations of correlators . The application of sum rules has been extended remarkably during the past twenty years and applied for wide variety of problems ( For review see for example [12] ).
The aim of this paper is to analyze the semileptonic B q → D * q lν decays using three point QCD sum rules method. Note that, this problem has been studied for B q → D * q lν (q = s, d, u) in constituent quark meson (CQM) model in [13] and for q = d, u(B 0 , B ± ) cases in experiment [14] . The application of subleading Isgur-Wise form factor for B → D * lν at heavy quark effective theory (HQET) is calculated in [15] (see also [16, 17] ). Present work takes into account the SU(3) symmetry breaking and could be considered as an extension of the form factors of D → K * eν presented in [18] .
The paper is organized as fallow: In section II, sum rules expressions for form factors relevant to these decays and their HQET limit and 1/m b corrections are obtained. The numerical analysis for form factors and their HQET limit at zero recoil and other values of y, conclusion and comparison of our results with the other approaches are presented in section III.
Sum rules for the B q → D * q ℓν transition form factors
The B q → D * q transitions occur via the b → c transition at the quark level. At this level, the matrix element for this transition is given by:
To derive the matrix elements for B q → D * q lν decays, it is necessary to sandwich Eq. (1) between initial and final meson states. The amplitude of the B q → D * q lν decays can be written as follows:
The aim is to calculate the matrix element < D * q (p ′ Lorentz and parity invariances, this matrix element can be parameterized in terms of the form factors below:
where f V (q 2 ), f 0 (q 2 ), f + (q 2 ) and f − (q 2 ) are the transition form factors and
In order to calculate these form factors, the QCD sum rules method is applied. Initially the following correlator is considered:
where J νD * (5). After standard calculations, the following equation is obtained:
where · · · represents contributions coming from higher states and continuum.
The matrix elements in Eq. (6) are defined as:
where f D * q and f Bq are the leptonic decay constants of D * q and B q mesons, respectively. Using Eq. (3), Eq. (4) and Eq. (7) and performing summation over the polarization of the D * q meson in Eq. (6) the equation below are derived:
From the QCD (theoretical) sides, Π µν (p 2 , p ′2 , q 2 ) can also be calculated by the help of OPE in the deep space-like region where
The theoretical part of the correlation function is calculated by means of OPE, and up to operators having dimension d = 6, it is determined by the bare-loop (Fig. 1 a) and the power corrections ( 
The spectral densities ρ i (s, s ′ , q 2 ) can be calculated from the usual Feynman integral with the help of Cutkosky rules, i.e., by replacing the quark propagators with Dirac delta functions:
, which implies that all quarks are real. After long and straightforward calculations for the corresponding spectral densities the following expressions are obtained:
where
The subscripts V, 0 and ± correspond to the coefficients of the structures proportional to iε µναβ p ′α p β , g µν and
respectively. In Eq. (10) N c = 3 is the number of colors.
The integration region for the perturbative contribution in Eq. (9) is determined from the condition that arguments of the three δ functions must vanish simultaneously. The physical region in s and s ′ plane is described by the following inequalities:
From this inequalities, we calculate s in terms of s ′ in order to put to the lower limit of integration over s. For the contribution of power corrections,
i.e., the contributions of operators with dimensions d = 3, 4 and 5, the following results were derived:
+ + f
where r = p 2 − m 
2 ) in order to suppress the contributions of higher states and continuum, the QCD sum rules for the form factors f V , f 0 , f + and f − are obtained:
where i = V, 0 and ±, andB denotes the double Borel transformation op- (14) , in order to subtract the contributions of the higher states and the continuum, the quark-hadron duality assumption is used, i.e., it is assumed that
In calculations the following rule for the double Borel transformations is used:
Here, we should mention that the contribution of higher dimensions are proportional to the powers of the inverse of the heavy quark masses, so this contributions are suppressed.
Next, we present the infinite heavy quark mass limit of the form factors for B q → D * q lν transitions. In HQET, the following procedure are used (see [19, 20, 21] ). First, we use the following parametrization:
where ν and ν ′ are the four-velocities of the initial and final meson states, respectively and y = 1 is so called zero recoil limit. Next, we try to find the y dependent expressions of the form factors by taking
where z is given by √ z = y + √ y 2 − 1 and setting the mass of light quarks to zero. In this limit the Borel parameters take the form M 
and the new integration variables are defined as:
The leptonic decay constants are rescaled:
After the standard calculations, we obtain the y-dependent expressions of the form factors as follows:
At the end of this section, we would like to present [15] (see also [20, 22] ). These corrections are given as:
where the explicit expressions for ρ i (y) functions are given in [15] . The value of those functions at zero recoil limit (y = 1) are given as
This section is devoted by numerical analysis for the form factors f V (q 2 ), To determine the decay width of B q → D * q lν, the q 2 dependence of the form factors f V (q 2 ), f 0 (q 2 ), f + (q 2 ) and f − (q 2 ) in the whole physical region
2 are needed. The value of the form factors at q 2 = 0 are given in Table 1 .
0.36 ± 0.08 0.47 ± 0.13 0.46 ± 0.13 f 0 (0) 0.17 ± 0.03 0.24 ± 0.05 0.24 ± 0.05 f + (0) 0.11 ± 0.02 0.14 ± 0.025 0.13 ± 0.025 f − (0) −0.13 ± 0.03 −0.16 ± 0.04 −0.15 ± 0.04 Table 1 : The value of the form factors at q 2 = 0 .
The q 2 dependence of the form factors can be calculated from QCD sum rules (for details, see [18, 25] ). To obtain the q 2 dependent expressions of the form factors from QCD sum rules, q 2 should be stay approximately 1 GeV 
To find the extrapolation of the form factors, we choose the following two fit functions.
i)
Bq . The values of the parameters f i (0), α, β, γ, and λ are given in Tables 2, 3 and 4. ii)
The values for a, b and m 2 f it are given in Tables 5, 6 and 7. For details about the fit parametrization (ii) which is theoretically more reliable and some other fit functions see [26, 27] . These two parameterizations coincide well with the sum rules predictions in the whole physical region 0 ≤ q 2 ≤ 10 GeV 2 and also for q 2 < 0 region. For higher q 2 , starting from the upper limit of the physical region the two fit functions deviate from each other and this behavior is almost the same for all form factors. As an example, we present the deviation of above mentioned fit functions in Fig. 6 . From this figure, we see that in the outside of the physical region the fit (i) growthes more rapidly than fit
(ii). The fit parametrization (ii) depicts that the m B * pole exists outside the allowed physical region and related to that one could calculate the hadronic parameters such as g BB * D * (see [26, 28] ). In deriving the numerical values for the ratio of the form factors at HQET limit, we take the value of the Λ and Λ obtained from two point sum rules, Λ = 0.62GeV [29] and Λ = 0.86GeV [30] . The following relations are defined for the ratio of the form factors,
The numerical values of the above mentioned ratios and a comparison of our results with the predictions of [15] Tables   [2-7] . Table 8 shows a good consistency between our results and the prediction of [15] for R 1 at zero recoil limit, y = 1.1 and 1.2, but for the other values of y, the changes in present work results are little greater. The values for R 2 shows an approximate agreement between two predictions, however the changes in the value of R 2 in our work is also a bit more then [15] . For both R 1 and R 2 , our study and [15] predictions have the same behavior, i.e., R 1 decreases when the value of y is increased and increasing in the value of y causes the increasing in the value of R 2 . From this Table, we also see that the y 1 (zero recoil) Table 8 : The values for the R i and comparison of R 1,2 values with the predictions of [15] .
is obtained, where
2m Bq ,
The following part presents evaluation of the value of the branching ratio of these decays. Taking into account the q 2 dependence of the form factors and performing integration over q 2 in the interval m 
The ranges appearing in the above equations are related to the different lepton masses (m e , m µ , m τ ) as well as the errors in the value of input parameters. Finally, we would like to compare our results of the branching ratios with the predictions of CQM model [13] and existing experimental data in Table 9 . From this Table, Table 9 : Comparison of the branching ratio of the B q → D * q ℓν decays in present study, the CQM model [13] and the experiment [14] . fit (ii) fit (i) Figure 6 : Comparison of fit functions (i) and (ii) for form factor f V for q = s.
